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A s s ~ ~ a c ~ . - T h e  first directed syntheses of (+)-isocorytuberine and (=+=)-N- 
methylisocorytuberine are reported. iV-methylisocorytuberine is an isomer of 
magnoflorine and h',N-dimethyllindcarpine and its spectral properties were compared 
with those of the la t ter  two alkaloids. The da ta  show tha t  both tlc and spectral 
differences easily distinguish between K-methylisocorytuberine and magnoflorine. 
On the other hand, comparative data  indicate that  more care is necessary to distin- 
guish between isocorytuberine and n'-methyllindcarpine and between their  quaternary 
methiodides. 

The quaternary aporphine alkaloid magnoflorine (1) is ubiquitous in some 
plant families and would be a strong candidate for the alkaloid of most wide- 
spread occurrence in all plants. On the other hand, its isomers S,,Y-dimethyl- 
lindcarpine (2), S,S-dimethylhernovine (3), and S-methylisocorytuberine (4) 
appear to be unknown as natural products. We recently (1) cleared up confusion 
between 1 and 2 by preparation and comparison of authentic samples of each. In  
order to further insure that reports on the isolation of 1 could not be due to its 
other isomers, we have, for the first time, prepared AV-methylisocorytuberine 4 
and examined its spectral and tlc properties in comparison with those of 1 and 2. 

1 (magnoflorine): R 1 = R 4 = M e ;  R2=R3=H.  
2 (N,N-dimethyllindcarpine): R1= R3=H; R2=  R4=Me.  
3 (NIX-dimethylhernovine): R1= R4=H; R2=R3=Me. 
4 (K-methylisocorytuberine): R1=R3=Me;  R 2 = R 4 = H .  

Isocorytuberine ( 5 )  has only been prepared by a sequence involving non- 
specific phenol oxidation of a tetrahydrobenzylisoquinoline, followed by reduction 
and acid-catalyzed rearrangement ( 2 ) .  This provided 5 in very small yield 

5 (isocorytuberine): R I  = R3=Me; R z = R 4 = H .  
6 (X-methyllindcarpine): R l = R a = H ;  R2=R4=Me.  

688 



Sov-Dec 19811 Suess & Stermitz: Synthesis of Aporphine Alkaloids 689 

along with other aporphine products, and the structure was established from 
chemical and spectral data. It n-as not, however, converted to 4. Isocory- 
tuberine n-as also unknown as a natural product until very recently when it was 
reported ( 3 )  from Glaucium jimbrilligerim. The structure was established by 
spectral comparisons with those quoted in the synthetic work (a ) ,  although 
correspondence was not exact for some of the lH nmr chemical shifts. .$gain, 5 
n-as not converted to the quaternary methyl derivative 4. Our preparation of 4 
also made 5 available from an unequivocal synthesis. 

RESULTS ,1SD DISCUSSIOS 
Details of the aporphine synthesis, which was accomplished by a sequence 

of Pomeranz-Fritsch, Reissert and Pschorr reactions (scheme I) ,  are given in 
the Experimental Section and in a thesis (4). 
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Scheme 1. Synthesis of Isocorytuberine and K-Methylisocorytuberine. 

The ultraviolet and mass spectra of our isocorytuberine (5 )  matched those 
of the literature ( 2 ,  3). The 'H nmr resonances (all in CDC1,) are compared 
in table 1, along with data for S-methyllindcarpine (6). Our methyl resonances 
for 5 are virtually identical with those of Jackson and Martin ( 2 ) ,  while a small 

TABLE 1. 1H Kmr valuesa for isocorytuberine and -Y-methyllindcarpine. 

I I j (+)-fib , ' ( + ) - 5 c  1 (==)-5d , (*)-6e 1 (*)-6f 
- 

S - M e  2 5 G  1 2 5 8  1 2 5 1  2 58 ~ 2 51 
0-1Ie 1 3 6 8  3 6 9  3 6 2  1 3 7 0  3 G3 

3 91 I 3 93 3 84 3 97 3 89 
hromatics G GGis) G 75(s )  G Gl(s) 6 T i ( s )  6 G8k) 

G S5(d) ~ G 9 l ( d )  G 75(dj 6 95(s, 2Hj 6 Sl(s, 2H) 
7 Ol(d) 7 03(dj , 0 93(d) I 

I I , 
"ppm, CDCl,, 60 MHz. bThis work. .Ref. 2. dRef. 3. eA4. Shafiee, I. Lalezari and 

0. Rahimi, Lloydin,  40, 352 (1977). 'L. Castedo, private communication, 80 MHz. 
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discrepancy remains for those of the natural material (3). Since all the deviations 
are in the same direction (higher field) for the natural substance, the diwrepancies 
are probably artifactual. Resonances in the aromatic region for our 3 are inter- 
mediate to those of the other norhers. We conclude that all reprefent the qame 
material, with the exception that the natural material (3) was optically active. 
There is a rather remarkable closeness betneen the spectra of 5 and 6, n-hich 
only shoJv a difference in the .LA'BB' qplitting of 5,  nhich is not observable n i th  
6. It is quite poqsible that if care is not taken to resolve the aromatic region of 3, 
a false identification could be made. 

Spectral and tlc data for Al--methj lisocorytuberine iodide (4) are given in 
table 2 .  Tlc data in both solvents clearly distingui~hes it from magnoflorine 

P h j  sical and spectral data  for (~)-S-methylisocorytuherine iodide. T ~ B L E  2. - 

Ri 7 7.4.1 (MeOH/CHC13 HCOYHz/HzO,  

Tlc visualization (short n a v e  length uv)  

UV, EtOH 
UT, EtOH, OH- 
1H nmr DMSO-de (100 MHz) 

15 3 1 (AIeOH HzO/Hh4OH) 

(long n a v e  length uv) 

DzO (60 LlHz) 

0 50 
0.08 
dark, purple-black with no fluorescence 
light blue fluorescence a t  high concentr 
227. 267. 273. 307 

0 50 
0.08 
dark, purple-black with no fluorescence 
light blue fluorescence a t  high concentr 
227. 267. 273. 307 
223, 243, 279sh, 341 
NMe.  2 89, 3 35 
OMe. 3 63, 3 81 
.Iromatics: 6 88 (s, l H ) ,  6 91 (s, 2H) 
S M e .  2 68, 3 23 
OAIe: 3.45: 3.87 
ilromatics:' 6 .60  (s, 2H),  B.83 (s, 1H) 
P X e :  2.57, 3.37 
Ol l e :  3.62, 3.92 
-4romatics: 6 .90  (m, 3H) 

ion 

(l), while only the methanol-water-ammonium hydroxide solution solvent easily 
separates 4 from .T,Al~-dimethyllindcarpine (2) (1). As was the case v-ith the 
corresponding nonquaternary derivative 5 and 6, the 'H nmr resonances for tlie 
Ar- and 0-methyls in DMSO at 100 1IHz for 4 and 2 are virtually identical. Only 
in the aromatic region is a distinction possible. I n  this case, it is the -I-,-l-- 
dimetliyllindcarpine which shon-s the expected AAA4fBB1 splittings for the lower 
aromatic ring protons, n-hile they are magnetically equivalent in J--methyliso- 
corytuberine. The base shift in tlie UY spectrum may provide another distin- 
guishing difference between 4 and 2. Tlie base-shifted peak for 2 is at 330 nm, 
while that for 4 is at 340 nm. Because these peaks are relatively broad, care 
would be necessary in using this difference to assign structure. 

Tlie highly different, tlc R f  values distinguish betn-een Al--n~etliylisocorytuberine 
and magnoflorine, as do differences in nmr. llagnoflorine does not have a methoxy 
group in either of tlie hindered C-1 or C-11 positions and hence sho~vs 'H nmr 
resonances in the 3.8 ppm region and I3C nmr resonances at 56.29 and 56.93 ( 5 ) .  
The high field (3.45 ppm) 'H nmr resonance of S-niethylisoco 
acteristic of a methoxy in tlie shielded C-11 position. In  the 13C spectrum, the 
opposite effect is observed, with a low field resonance (60.9i  ppm) observable for 
the methoxy a t  C-11 in S-metliylisocorytuberine. 

EXPERIAIESTAL SECTIOS 
Details of the synthesis not given below are available in a thesis (4). Intermediates early 

in the  synthesis were identified chiefly by IH nmr and 13C spectra. Most were carried along 
to a subsequent step without rigorous purification. 

3-Hydrox~--4-methoxybenzaldeh~-de (isownillin) m-as benzylated according t o  Cff (6) and 
converted to  i-benzyloxy-Gmethoxyisoquinoline (7) by a modification (7)  of the Pomeranz- 
Fritsch reaction. 

3-Benzyloxy-4-methoxybenzaldehyde (6.28 g) and a 10qc excess of aminoacetaldehyde 
dimethylacetal were allowed t o  reflux in benzene (Dean-Stark t rap)  until the  stoichiometric 
amount of water had been collected. Washing with hexane provided the imine as a white 
solid: mp 81.5"-83.5'C; nmr (CL)Cls) 3.37 is, GH, -CH(OXe)p), 3.73 (d, 2H, S-CHZ- ,  J = 5 H z ) ,  
3.87 (s, 3H, -OCH3), 4.64 ( t ,  l H ,  C H  -CH(OAle)z, J = 5 H z ) ,  5.15 (s ,  2H, -OCH2Ph), 6.87 (d, 2H, 
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J=SHz) ,  7.13-7.53 (m! TH, 8.17 ( s ,  l H ,  - C H = S ) :  ir iKBri 1G52 i C = S )  em-'. The  
imine was reduced to  the amine using 1(; by weight platinum (11.) oside in ethanol solution 
a t  50 psi hxdrogen in a Par r  apparatus Filtration and evaporation gave a light >ellom oil 
nmr (CIiC1,j 155  fs, l H ,  - S H i ,  2 68 id, 2H, -SH-CH?-CHfOMe)2, J = 5 H z ) ,  3 30 i s ,  GH, 
- C H ( O l I e i 2 ~ ,  3 68 (s, 2H. -CH,SH- , 3 82 (s. 3H, -OCH,I, 4 4 3  it, l H ,  -SH-CH2-CHfOJIei2, 
J = 5 H z ! ,  G 83-6 92 im, 3H,, 7 23-7 50 (m,  5H, -irI  ir (neat I 33GO ( S - H !  1615 and 1600 
cni-I. The amine n-as reacted with p-toliienesulfon?-l chloride in pyridine to  yield the tosylate. 
h ?-ellowish solid was isolated: mp 49'-5l'C: nnir fCI)C131 2.37  I s ,  3H, -CHai .  3.15 id,  2H, 
-CH?CHIOlIei?! J = 5 H z i ,  3.17 i s ,  OH. -CHiO.llcl21, 3.80 i s ,  3H, -OCHj) ,  4.30 ( t ,  l H ,  -CH?CH- 
(OlIei2, J = 5 H z ) .  4.37 is.  2H. -CH?-S' ,  4.97 i s .  2H. -0CHyPhr. 6.73 i s .  3H.  - h i ,  7.17-7.47 im. 
TH, a r j ,  7.70 (d . '2H,  J=SHz'). The t o  -late \\-as dissolved in 7 5  nil if peroxide free diosane 
and 15 ml of G S hydrochloric acid. olrition was allorred t o  reflux for Ci hr in the dark rinder 
a nitrogen atmosphere. lded a residue J\-hich was chroniatographed on Si gel 
[chlorofcrni-met hanol  I ] to  provide 7-benz~-lozv-G-niethosvisoqiii1i~~line ( 7  I : mp 150'- 
153'C: *H-nmr (CUC1 is,  3H, -OCH:,, 5.02 9 2 H ,  -OCH?P'hi, 6.76 i s .  1H. H-5 or H-Si, 
6.94 ( s ,  IH,  H-E; or H 8.6; 'd, 1H! H-3. .T=GHzi, 8.66 '6, 1H. H-1): 
lac-nnir tCDCl:, 5 5 . 8 2 ,  70.47, 104.93, 106.85, 11S.90, 124.30. 127.08. 127.83, 128.36, 132.24, '135.86: 
141.61. 148.97, 149.61, 152.97 ppni: ir ICHC1-1 1627 ! - C H = S - ' .  1502, 1480. 1250> 1145. 865 cni-1: 
mass spectrum 11- 265.1134, calc. I'or C; ;HliSO?:  265.1137. 

To  2.0 g (7.54 mmol 1 of 7-benzyloz~--G-nietlioxyisoqiii1ioli1ie in a mistlire of 15 nil CH2CI2, 
1.77 g (27 .1  niniol i S a C S  and 3.5 nil of H?O was added 1 . 7 5  nil i l5. l  mnioli of benzoyl chloride 
with vigorous stirring. .ifter 4 hr of stirring, the organic phase was separated and evnpornted 
to  dryness: the residue, when crystallized from ethanol, yielded 1.67 g 11.22 mmol: 50'; yieldi 
of 2-her1zoyl-7-benzosy-l-cyano-l,2-diliydro-~-niethosyisoqllinoline (81 nip 150-123'. .Anal. 
Calcd. for C2;H2(S2O3:  C,  75.74:  H ,  5.08: S ,  7 . 0 7 .  

.A mixture of 0.81 g (1 .77  niniol I of 8 and 0.78 g (2.05 mmol I of i-henzylusy-3-nietlio\-y-2- 
nitrohenzyl chloride, 9,  (4) in 45 nil D l I F  \vas added to 0.126 g 13  mniol i S a H  in  5 nil 1IlIF 
stirred in an S 2  atmosphere (8). JTater \vas 
added to  the solution, which n-as then estracted with henzene. Evaporation of' the henzene 
left a yellmT- oil which  as used directly for the nest step. The oil was dissolved in 25 ml of 
D l I F  and stirred under S?, and 1.4 nil of benzyltrinieth~-lanimonirini hydroside iTriton B I 
in3IeOH was added. .After 30 min of stirring, 2 nil of cone HC1 \vas added: the ppt which formed 
was washed with ice water and EtZO. Crystallization from ethanol yielded 0.72 g 11.34 mmol: 
10.6~; i of 1-~4-henz~-losy-3-methozy-2-nitrobenzyl ,-i-benzylosi--B-met hosyisJquinoline, 10, nip 
154.5-15jc, Found: C. 71.37: H,  5 . 2 3 :  
S.  4.98. The  isoquinoline 10 was converted to  the methiodide 11 i n  quantitative yield with 
C H J  in DMF. 

Reduction of 11 to 12 was done in two steps ICoCI? and SaBH:,  followed by H, P t O ? :  or 
in one s tep directly with H ?  Pro?. Synthesis 
of 1 and .i m-as most easily accomplis!ied without isolation of 12 as f o l l o ~ s .  l le thiodide 11 
(0.62 g, 0.91 nimoli in 15 ml of ethanol v i t h  0.07 g of  PtO? was hydrsgenated at 50 psi for 24 
hours. The residrie of 12 was dissolved 
in 1 ml of cone HC1 and 15 ml of H,O. The sollition \vas cooled in  an ice bath under an argon 
atmospliere: 0.1 g of S a S O ?  in 2 ml of H,O was added and the mistiire stirred for 1 hr .  Excess 
sulfamic acid was added, and the misture v a s  stirred overnight. The niisture \\-as then heated 
on a steam ba th  for 15 min and excess zinc dust n-as added. Heating n-as continued for an 
additional 15 rnin, after which the solution was cooled. made basic Wlrh S H , O H  and estracred 

The chloroform layer was dried and evaporated: the residue was chroma- 
eth>-l acetate-methanol (5:li : to  yield 0.021 g (0.C41 mmol. 4 . 5 5  yield, of 
.ll-dimethoxyaporpliine (131: nnir fCIIC1,i 2.57 ( s !  3H, S C H - I ,  2.7-7.3 (m, 
-0CH31, 3.90 ( s .  3H. -OCH31. 4.73 ibs. l H ,  -0-HCH-Phi, 4.83 (bs, l H ,  

-0-HCN-Ph), 5.09 ibs, 2H: -OCH?Phi: 6.67 is, 1H.  H-gi, G.83 i s ,  2H, H-8 and H-9i, 7.03 
(bs. 5H,  .ArJ, 7.17-7.5 (m, 5H, Ar) :  IT\. t E t 0 H 1  h i a x  334 r sh ,  274, 220 ish!, 214 nm. 

Compound 13 (0.019 g, 0.037 mmol 1 was dissolved i n  I nil of toluene and 5 nig of G S hydro- 
chloric acid. The solution was heated at  refliis for 45 m i n ,  cooled, and then extracted with 
chloroform. The  acidic aqueous phase 11-3s made basic with S H , O H  and then estracted with 
chloroform. The chloroform estract when evaporated gave i=t 1-isocorytuherine ( 5 )  0,010 g 
(0.032 mmol. 80'; yield) :  nmr ICDC131 2.56 ( s ,  3H. S C H , ) .  2 . 5 - 3 . 2  im. 7Hi,  3. 
-OCH,I I, 3.91 Is, 3H, iC-2, -0CHI1 1 .  6.66 is, l H ,  H-31. 6.85 id. I H ,  H-9, .I=8 
H-8, J = 8  Hz,:  uv iEtOH) hniax 307, 297 ishi! 273> 2G6, 234 nm: nis, 11- 3 2 7 ,  2 

Compound 13 (0.020 g,  0.039 niniol) was dissolved in 1 nil of I I l I F .  and 1 nil of C H J  was 
added. The solution was heated at  reflux for 5 hr. and then the excess C H J  and I I l I F  were 
removed. Si gel chr tography (CHCI; ~ provided 0.018 g 10.027 mmol. 71'; yield) of methi- 
odide 11: nmr iCDCl OS is, 3H,  - S C H i l ,  3.63 i s ,  3H, - S C H 3 , .  3.3-3.8 im! ? H I ,  3.70 is:  3H, 
-OCH,I, 3.88 (s, 3H.  -OCH,!, 4.77 ( s ,  i H ,  -0-HCH-Phi, 4 ,S2  i s ,  1H.  -0-HCH-Phl 5.02 is, 2H, 
-0CH2PhI ,  G.70 / s .  l H ,  H-31, G.7S-7.OS im: 7H: h r ) .  7.18-7.35 ( m ,  5H, h r i .  

Compound 11 ('0.018 g. 0.027 mmol 1 was dissolved i n  5 ml of G S hydrochloric acid and heated 
at  reflus for 3 h r .  Si gel chromatography ~nie t l ianol -~~ater -an imoI~i r in i  hydroside soliition 
(15:3:1) 1 provided 0.010 g iS0'; yield) of semisolid isncorytuherine methiodide 1: ms: 341.1613 
(lI--l: Calc. for C?;H2iSO: 341.1627: the 11- 342 peak was of insufficient intensity for exact 
mass measiirement I .  Other spectral data  are in table 1 eycept: 13C-nnir ( C H ~ O I I J  154.50, 
150.83 144.75, 143.35, 125.13, 124.38. 121.63, 120.87. 120.41, 120.17, 118.07, 110.77, 69.64. 61.32, 
60.97:k5.71, 53.38, 13.10, 30.43, 23.89 ppni. 

T h  
Evaporation ? 

.OO-7.28 ini ,  (iH, 

Found: C ,  75 .63:  H, 4.89: S? 7.04. 

Esternal cooling was maintained b:- an ice bath.  

- -  
.Anal. Calcd. for C;?H?iS?OP: C, 71.63: H, 5.26:  S ,  5 . 2 2 .  

Overall yields GO-50'; i of 12 were similar ( 4 1 .  

The soliition was filtered and evaporated to  dryiiess. 
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